Escherichia coli were isolated from the faeces of 266 individuals living in the Canberra region of Australia. The isolates were characterized for their ECOR group membership (A, B1, B2 or D) and for the presence of 29 virulence-associated traits. Overall, 19?5 % of the strains were members of group A, 12?4 % B1, 45?1 % B2 and 22?9 % D. The frequency with which strains belonging to the four ECOR groups were observed varied with the age and sex of the hosts from which they were isolated. In males, the probability of isolating A or D strains increased with host age, whilst the probability of detecting a group B2 strain declined. In females, the probability of recovering A or B2 strains increased with increasing host age and there was a concomitant decline in the likelihood of isolating B1 or D strains. Of the 29 virulence-associated traits examined, 24 were detected in more than one strain. The likelihood of detecting most traits varied with a strain's ECOR membership, with the exception of afa/draBC, astA, cvaC, eaeA, iss and iutA, for which there was no statistically significant evidence of an association with ECOR group. The frequency with which fimH, iha, eaeA, iroN, hlyD, iss, ompT and K1 were detected in a strain depended on the age or sex of the host from which the strain was isolated. In group B2 strains many of the virulence traits were non-randomly associated, with some co-occurring in a strain less often than expected by chance, whilst others were co-associated. In 17 cases, the extent to which two virulence traits were co-associated was found to depend on host sex and age. The results of this study suggest that the morphological, physiological and dietary differences that occur among human individuals of different sex or age may influence the distribution of E. coli genotypes.
INTRODUCTION
A number of mathematical models have been developed with the purpose of exploring the dynamics of bacterial populations in the intestinal tract and have been formulated in the context of either chemostat or plug-flow reactor systems (Topiwala & Hamer, 1971; Baltzis & Fredrickson, 1983; Freter et al., 1986; Smith & Waltman, 1995; Ballyk & Smith, 1999; Stemmons & Smith, 2000; Ballyk et al., 2001; Jones et al., 2002) . The chemostat models best describe intestinal tracts incorporating a microbial fermentation chamber, whilst the plug flow reactor models are more appropriate for intestinal tracts lacking a fermentation chamber. The predictions of these models have shown that the establishment of a bacterial population is more likely when the cells are capable of adhering to the lining of the intestinal tract than when they are not. Nutrient concentration is a factor and there is a threshold concentration of nutrients entering the model gut below which the bacterial population cannot establish and above which the population will establish and persist. Further, the time required for material to move through the gut can also determine establishment success, where decreasing transit times lead to populations being less likely to establish.
In a survey of vertebrates living in Australia, Gordon & Cowling (2003) demonstrated that the probability of detecting Escherichia coli in mammalian host was dependent on the body mass and diet of the host. E. coli was more likely to be recovered from hosts with intestinal tracts incorporating a microbial fermentation chamber (omnivores and herbivores) and less likely to be isolated from hosts with simple tube-like intestines (carnivores). The probability of detecting E. coli in a host increased with the body mass of the host. In most mammals, gut transit times increase with increasing body mass (Hume, 1999) .
Faecal isolates of E. coli can be divided into four main genetic groups (ECOR groups) designated A, B1, B2 and D (Ochman & Selander, 1984; Herzer et al., 1990) . These four groups differ in their phenotypic and genotypic characteristics (Selander et al., 1987; Johnson et al., 2001; Bergthorsson & Ochman, 1998) . Gordon & Cowling (2003) demonstrated that the diet and body mass of the mammalian host from which an E. coli strain was isolated predicted the strain's E. coli group membership. For example, in omnivorous hosts, larger hosts were more likely than smallbodied hosts to harbour a group B2 strain. In carnivorous mammals, the probability of isolating a group A strain increased as host body mass increased.
Thus, the results of theoretical and empirical studies indicate that the morphology and dynamics of the intestinal tract influence the probability that E. coli will establish a population in the gut. Further, these same factors, in part, determine the genotype of the strain that successfully establishes. In adult humans, there is significant variation among individuals in the dynamics and morphology of the intestinal tract. The length of the intestine varies between men and woman and between people of different ages, with the intestine being longer in men and in young people (Hounnou et al., 2002) . A number of studies have demonstrated that gut transit time differs between males and females (Graft et al., 2001) . Transit times are, on average, significantly longer in females compared to males and this is true of transit times in the small intestine and colon. The majority of E. coli strains inhabit the colon (Hartl & Dykhuizen, 1984) , and in this region, transit times are typically about 50 % longer in females compared to males. Gut transit times also change with age in adult humans, although the direction of change depends on the gut region under consideration. Transit times in the small intestine generally decrease with age, but colon transit times increase.
Mathematical theory shows that the quality and quantity of nutrients available to bacteria in the intestine will affect the growth rate of the bacteria. The magnitude of the population growth rate will determine whether the population is capable of overcoming the loss of cells from the intestine due to the movement of material through the gut. Energy intake is known to change with host age and can decline by 1000-1200 kcal (4200-5000 kJ) day 21 in men and by 600-800 kcal (2500-3300 kJ) day 21 in women (Wakimoto & Block, 2001) . Diet choice also changes with age, with older people including a greater fraction of grains, vegetables and fruits in their diet compared to younger individuals (Drewnowski & Shultz, 2001) . Nutrient availability in the colon will depend on events occurring in the small intestine. The ability of the gastro-intestinal tract to digest and absorb macro-nutrients appears to be unaffected by age, but it becomes less efficient at absorbing some micro-nutrients (Russell, 2000) .
The purpose of this study was to determine whether the age or sex of a human host explained any of the genetic variation observed in E. coli strains isolated from human faeces. To this end, 266 E. coli strains were characterized with respect to their E. coli group membership and for the presence of 29 putative virulence genes associated with intestinal and extraintestinal disease.
METHODS
Strain isolation and identification. During the first 6 months of 2002, faecal samples were collected from people living in the city of Canberra and its surrounds (Australian Capitol Territory, Australia). Samples were acquired from the microbiology laboratory of the Canberra Hospital and from the academic community of the Australian National University. A single faecal sample was collected per person and a single E. coli clone isolated per faecal sample. The Canberra Hospital isolates were collected from 189 in-and outpatients (95 females and 94 males) exhibiting symptoms suggestive of gastro-intestinal disease. There were 77 isolates from people in the age category of 0-19 years; 42 isolates, 20-39 years; 37 isolates, 40-59 years; 22 isolates, 60-79 years; and 11 isolates from people 80+ years of age. There were 77 isolates collected from the Australian National University community (36 females and 41 males); these individuals were asymptomatic. Individual host age data were not available for these isolates, but the isolates were taken from people between 21 and 65 years of age. There was no information available on the recent history of antibiotic use by any of the people sampled.
A subsample of the fresh faecal material was dilution-streaked onto a MacConkey agar plate. After incubation, a single colony with the appropriate colour and morphology was dilution-streaked onto a MacConkey agar plate and, after a further round of incubation, dilution-streaked onto another MacConkey agar plate and then onto a Luria broth agar plate. All lactose-positive isolates were tested for growth on a Simmons citrate agar plate and for indole production. Freezer cultures were produced by incubating the isolate overnight in Luria broth, after which 1 ml of the overnight culture was mixed with 30 ml glycerol and stored at 280 uC. All incubations were carried out at 35 uC.
ECOR group assignment. All strains with a phenotype consistent with that of E. coli (Lac + Cit 2 Ind + ) were genotyped. Template DNA for ECOR group assignment and virulence factor profiling was prepared using DNAzol (Invitrogen) according to the manufacturer's protocol. The recently developed method of Clermont et al. (2000) was used to assign the E. coli isolates to one of the four main groups of E. coli identified in the ECOR collection (Ochman & Selander, 1984; Herzer et al., 1990) . The groups are designated A, B1, B2 and D. The Clermont method is based on a multiplex PCR protocol that determines the presence or absence of two genes (chuA and yjaA) and an anonymous DNA fragment (TSPE4.C2). The presence/absence of the three PCR products is used in the manner of a dichotomous key to assign an unknown isolate to one of the ECOR groups. A fraction of group A strains are negative for the three DNA products (Clermont et al., 2000) . Strains failing to produce any PCR products were repeated twice more using newly prepared template DNA. After three attempts, any strain negative for all three PCR products was identified using the BBL Enteric/Nonfermenter ID kit in conjunction with the BBL Crystal System Electronic codebook. If the strain was identified as E. coli, it was considered to be an ECOR A strain. The presence of one or more PCR products of the correct size was considered further evidence of the identity of an isolate as E. coli.
Virulence factor profiling. The 266 E. coli strains were screened for the presence of 29 virulence factors associated with intestinal and extra-intestinal disease using a modification of the multiplex PCR protocol described by Johnson & Stell (2000) . There were five primer pools: pool 1, malX, papAH, fimH, focG, traT, ibeA; pool 2, gafD, fyuA, iroN, ompT, sfa/focDE, kpsMT.II; pool 3, hylD, iha, cvaC, afa/draBC, iss, ireA, kpsMT.K1; pool 4, H7, cnf1, eaeA, iutA, stx2, stx1; pool 5, she, eaag, 13fb, astA. Amplification was done in a 25 ml reaction mixture containing 2 ml template DNA, 4 mM MgCl 2 (pools 1-4) or 2 mM MgCl 2 (pool 5), and 0?5 units Platinum Taq in 16 reaction buffer [67 mM Tris/HCl (pH 8?8), 16?6 mM (NH 4 ) 2 SO 4 , 0?45 % Triton X-100, 0?2 mg gelatin ml 21 and 0?2 mM dNTPs]. Amplification conditions were: 1 cycle at 95 uC for 12 min; 25 cycles of 94 uC, 30 s; 63 uC, 30 s (pools 1-4) or 55 uC, 30 s (pool 5); 68 uC, 3 min; and 1 cycle at 72 uC for 3 min. Electrophoresis was carried out using 2 % agarose gels. Gels were stained with ethidium bromide, visualized using an ultraviolet trans-illuminator, and photographed.
Statistical analysis. The distribution of ECOR groups according to host age and sex was investigated by means of multinomial logistic regression analysis using a linear model on the logit scale and incorporating interactive effects for host age and sex. Observations for which either host age or sex was not available were excluded from the analysis. Classification tree analysis was used to verify that the linear logistic link structure was appropriate. Individual gene associations with host age and sex, after adjusting for any ECOR group effect, were investigated using standard logistic regression. Care was taken to assess the degree of influence associated with each observation, and any spurious significance caused by overly influential observations was discounted (which typically occurred in cases where the gene under investigation was very rare, either overall or within a particular host/sex category). Moreover, care was also taken in the determination of the final significant models for presentation, so that final models which show a host age effect in only a single sex were only considered when the overall interaction effect of host age and sex was found to be significant. Initially, observations for which either the host age or sex was not available were excluded from the analysis. However, in cases where it was determined that either host age or sex was not significantly related to the distribution of a gene, the corresponding predictor was removed from the model and any observations which had been excluded on the basis of a missing value for this factor were returned to the analysis. The effect of ECOR group on individual gene distributions was itself assessed using logistic regression analysis, and the results of these analyses were used as the basis for any ECOR group adjustments that were required for the analysis of host age and sex effects on gene distributions. Specifically, ECOR group effects were included in the overall logistic model for each individual gene only if the ECOR group analysis suggested that the distribution of a gene was significantly different within a particular ECOR group. In this way, the overall relationship between ECOR group and host age and sex was controlled for within the analysis of host age and sex relationships with the individual genes. Contingency table analysis was used to determine the extent to which virulence traits were non-randomly associated in a strain and the association was quantified using the estimate kappa={(O -+O+)2(E-+E+)}/(N2E-+E+), where O-is the number of cases where both traits are absent in a strain and O+ is the number of cases where both traits are present. E-and E+ are the expected number of cases where the traits are either both present or absent assuming that the traits are randomly associating and N is the total number of samples. To determine if the degree to which two traits were co-associated varied as a function of host sex or age, nominal logistic regression was used, where one of the traits served as an independent variable and the other trait as the response variable.
RESULTS

Distribution of ECOR groups
Of the 266 strains characterized for their ECOR group membership, 19?5 % were group A, 12?4 % B1, 45?1 % B2 and 22?9 % D strains. =21?000, P=0?0001). In males, the probability of isolating A or D strains increased with increasing host age, whilst the probability of isolating B2 strains declined with increasing host age (Fig. 1a) . In females, the probability of isolating A or B2 strains increased with increasing host age, whilst the probability of isolating B1 or D strains declined with increasing host age (Fig. 1b) . The appropriateness of the linear logistic structure was investigated visually by constructing mosaic plots analogous to Figs 1(a) and 1(b), based on standard classification tree (CART) analysis. The resultant figures (not presented) confirmed the adequacy of the chosen multinomial logistic model structure.
Distribution of virulence factors
The virulence-associated traits eaag, gafD, stx1 and stx2 were not detected and 13fb was detected in a single group A strain. The probability of detecting the traits afa/draBC, astA, cvaC, eaeA, iss and iutA in a strain did not depend on the strain's ECOR group membership (Table 1 ). The probability of detecting all other traits varied with a strain's ECOR group membership, and most of the traits were more likely to be detected in B2 strains and less likely to be detected in A or B1 strains (Table 1) . As has been demonstrated, the probability of isolating a strain of a particular ECOR group depends on the sex and age of the host from which the strain was recovered. Further, the probability of detecting most of these virulenceassociated traits in a strain depends on the strain's ECOR group membership. Therefore, any attempt to determine if the probability of detecting a trait in a strain depends on the sex or the age of the host from which the strain was recovered must take into account the fact that the probability isolating a strain of a particular ECOR group varies as a function of host age and sex. For example, cnf1 is unlikely to be detected in any strain other than a group B2 strain. Furthermore, the probability of recovering a B2 strain in a host increases with host age in females but declines with host age in males. Consequently, it would be false to conclude that the probability of detecting cnf1 in a strain depended on the age and sex of the host, rather than concluding that it is the probability of isolating a B2 strain that depends on the age and sex of the host.
Of the 29 traits examined in this study, 24 were detected in more than one strain. Analysis of the data adjusting for ECOR group effects revealed that, for eight of the 24 traits, a statistically significant host sex or age effect on the probability of detecting the trait in a strain was observed (Table 2 ). For the virulence-associated traits fimH, iha and eaeA, the probability of detecting these factors in a strain declined as the age of the host from which the strain was recovered increased. fimH was detected in virtually all B1, B2 and D strains but in only 81 % of group A strains. However, the probability of detecting fimH in a group A strain declined with host age. The gene iha was detected in about a third of B2 strains, a quarter of group A and D strains and only 10 % of group B1 strains. The probability of detecting iha in B2 and D strains declined with increasing host age, but the frequency of iha in group A strains was independent of host age. The trait eaeA was relatively uncommon and the probability of detecting this gene was independent of a strain's ECOR group membership. However, eaeA was more likely to be detected in strains from young hosts compared to strains from older hosts. The probability of detecting iroN, hylD and iss in a strain was found to increase with the age of the host when the host was a male, but not if the host was a female.
The sex of the host from which the strain was recovered was found to influence the probability of detecting ompT and K1 in a strain. Groups A, B1 and D strains from males were more likely to be ompT positive than were these strains from females. ompT was detected in most (88 %) of group B2 strains and this may explain the lack of a host sex effect on the frequency of ompT in group B2 strains. Regardless of the ECOR group membership of a strain, K1 was less likely to be detected in strains isolated from males compared to strains recovered from females.
Many of the virulence-associated traits examined in this study are known to co-occur in strains significantly more frequently than would be expected by chance (Johnson & Stell, 2000) . The co-association of virulence traits was examined for group B2 strains. B2 strains were selected as they were the most common group of strains and because B2 strains have the greatest diversity of virulence traits. The analyses were restricted to traits that were neither too common (>80 %) nor too rare (<20 %). Of the 77 possible pair-wise comparisons between traits, 31 were significant (a<0?01) (Table 3 ). In most cases traits were co-associated; for example papAH and hylD co-occurred more often than would be expected by chance (Table 3) . Some traits, such as iutA and ibeA, co-occurred in a strain significantly less frequently than would be expected (Table 3 ).
The association analyses were extended by posing the following question: Does the extent to which two traits cooccur in a strain vary with respect to the age or sex of the Table 3 . Co-occurrence of virulence-associated traits in ECOR group B2 E. coli strains isolated from human faeces Numbers below the diagonal present the degree to which two traits are associated. Numbers above the diagonal denote the statistical significance of the association (probability of obtaining a greater likelihood ratio x 2 value by chance). Only those associations significant at the a=0?01 level are presented and all other associations are assumed to be 0. Entries in bold indicate those associations influenced by host sex or age (see Table 4 ). NS, Not significant. hosts from which the strains were isolated? There were 17 cases where the nature of the association between virulence factors traits depended on host sex or age (Table 4 ) and the majority of these cases (13) occurred for traits where the simple association analysis indicated that the traits were unassociated (Table 3) . For example, no significant association of papAH and iha was detected (Table 3) , but an analysis including the effect of host sex and age revealed that papAH and iha were co-associated in strains isolated from females but not in strains from males (Table 4) .
DISCUSSION
Previous studies have shown that the E. coli clonal community of a person is numerically dominated by one strain, or at most a few strains (Caugant et al., 1981 (Caugant et al., , 1983 Gordon et al., 2002; Schlager et al., 2002) . Consequently, the sampling regime used in the present study was most likely to have recovered the dominant strain present in an individual.
In interpreting the results of this study two important caveats must be recognized. The first of these concerns the extent to which the hospital isolates constitute a nonrepresentative sample of faecal E. coli. Although these isolates were from people with gastro-intestinal symptoms, the tests performed by the microbiology laboratory of the Canberra Hospital did not suggest that bacterial infections were the cause of the symptoms. Further, none of the E. coli isolates had virulence factor profiles that would suggest these strains might have been responsible for the symptoms, given that the genes eaag, 13fb, stx1 and stx2 were virtually undetected. Overall, the relative frequencies of strains of the four ECOR groups were virtually identical in the two samples, and very similar distributions were observed when the comparison of the hospital and community isolates was restricted to hosts between the ages of 20 and 65 years. All isolates were screened for resistance to 16 antibiotics using a disk diffusion assay (BBL Sensi-Disk, Bacto) and no statistically significant differences between the two samples were detected in frequency of resistance to any of the antibiotics tested (unpublished data). Finally, additional statistical analyses (not presented) did not suggest that the hospital and community isolates represent distinct populations.
The second caveat relates to the exploratory nature of the statistical analyses that were undertaken. A great many statistical tests were performed, and as the number of tests increases so does the risk of committing a type 1 error [rejecting the null hypothesis (no effect) when it is in fact true]. Consequently, some of the host age and sex effects may have arisen by chance, and the results of those statistical tests with P values >0?01 must be treated with caution. Thus, the outcomes of the analyses that were performed are best viewed as hypothesis generation rather than hypothesis testing. Table 4 . The nature of host age and sex effects on the co-occurrence of virulence factor traits detected in ECOR group B2 E. coli strains isolated from human faeces P values are for the model described in the Description of relationship column. OR, odds ratio. The results clearly demonstrate that the genotype of the dominant E. coli strain present in a host is, in part, determined by the sex and age of that host. Host age and sex influence the probability of isolating a strain of a particular E. coli group (Fig. 1) . Further, the analyses revealed that the frequency of a third of the virulence-associated traits examined varied in some manner with respect to the age or sex of the hosts from which the strains were isolated (Table 2) . Finally, the extent to which two traits were associated in a strain and the nature of the association also varied with the age and sex of the hosts from which the strains were recovered (Table 4 ). There appears to be no pattern as regards the putative function of the genes whose frequencies or associations were influenced by host factors. The distribution of genes involved in adhesion, iron uptake, toxin production and cell surface attributes varied with respect to host age or sex. Significant host effects were detected for plasmid-encoded traits such as iroN and iss, chromosomally determined traits, such as K1 and eaeA, as well as chromosomally determined traits usually associated with pathogenicity islands, for example papAH and hlyD.
The results of this study suggest that intestinal tracts of people of unlike sex and ages represent different habitats to E. coli. However, the exact nature of the differences between the intestinal environment of males and females and the changes that occur in the intestine with age are unknown. Also unknown is the adaptive significance of the distribution of the virulence traits observed in this study. Clearly much more research is required if we are to understand the nature of the interactions that occur between E. coli and the intestinal environment. The results of this study potentially have significant implications for clinical microbiology, particularly in relation to disease prevention and the nature of pathogenicity in E. coli. Some of the clinically relevant implications of this study are discussed below.
Are there host sex-or age-specific strains of E. coli? At one level, this is unlikely to be true, largely because of the great genotypic diversity that exists in E. coli. For example, in a study of E. coli isolated from Australian mammals, the probability of isolating the same genotype from two hosts was <1 %. Similar results have been found for studies examining the clonal diversity to be found in human hosts (Caugant et al., 1983; Gordon et al., 2002) . Consequently, it is highly unlikely that identical genotypes will ever be recovered sufficiently frequently from multiple hosts to allow one to conclude that a particular genotype is significantly more likely to be recovered from a host of a particular sex or age. However, it may well be true that there are gene combinations that are more likely to be isolated from a host of a particular sex or age. The results of the analyses addressing the question of whether there are differences in the extent to which two genes are associated in strains isolated from people of different sex or age provide support for this idea. However, any rigorous statistical investigation examining 3-, 4-or n-way gene associations will need to use a much larger sample of strains than was available for this study.
Human females are at a greater risk of urinary tract infection compared to males, largely because of the difference in their uro-genital morphology. The intestinal tract of males and females appears to represent different environments for E. coli. Is it possible that the nature of the adaptations required for E. coli to successfully invade and establish in the female intestine predisposes females to urinary tract infection? Many of the traits implicated in extra-intestinal infection are most prevalent in B2 strains (Table 1) , and B2 strains are more common in females compared to males. The nature of the co-association between 17 pairs of virulence traits was found to vary with host sex or age (Table 4 ). For 13 of these cases, the two traits were more likely to co-occur in strains isolated from females compared to those isolated from males. Duriez et al. (2001) demonstrated that, in faecal samples taken from humans, the relative frequencies of strains of the four ECOR groups varied among geographical localities (Table 5 ). In the Australian sample, the distribution of strains of the four ECOR groups is very different from those reported by Duriez et al. (2001) . Group B2 strains were far more frequent in the Australian sample compared to the other populations (Table 5 ). The results of the present study demonstrate that when making comparisons such as those shown in Table 5 it would be prudent to adjust for the age and sex structure of the host populations from which the strains were isolated. Duriez et al. (2001) provided no data on the age and sex of the hosts from which their samples were collected. However, given the magnitude of the variation, it is unlikely that disparities in the age and sex structure of the populations could account for all of the among-population variation that is observed. Gordon & Cowling (2003) reported that the climate of the locality from which E. coli were isolated, as well as the diet of the host, influenced the likelihood of isolating a strain of a particular ECOR group. Consequently, as discussed by Duriez et al. (2001) , it is unknown whether the variation among human populations in the distribution of strains of the four ECOR groups is a consequence of factors related to the external environment or due to cultural differences in diet or food processing and preparation practices.
The role played by many of the virulence-associated genes examined in this study in causing disease is largely unknown and this is particularly true of the genes implicated in extraintestinal infection. Many of the genes confer an obvious in vitro phenotype, for example, haemolysin production (hlyD) and increased serum survival (iss); however, the mechanisms by which they cause disease in vivo are not precisely known. Many of these traits are thought to be associated with virulence because they are detected at higher frequencies in clinical compared to faecal isolates of E. coli. However, the results of the present study indicate that such comparisons are fraught with difficulties. It is well known that the majority of extra-intestinal E. coli infections in humans are caused by group B2 strains and to a lesser extent group D strains (Picard et al., 1999; Johnson et al., 2001) . It is also well established that the frequency with which many of these genes are detected in a strain depends on the strain's E. coli group membership and that they are more frequent in B2 and D strains compared to A or B1 strains (Table 1; Johnson et al., 2001; Manges et al., 2001; Duriez et al., 2001) . Finally, in many human populations B2 and D strains represent a minority of the strains isolated from faeces (Picard et al., 1993; Duriez et al., 2001) . Therefore, given that the frequency of a gene may depend on a strain's ECOR group membership, is it appropriate to compare the frequency of a gene in clinical isolates (B2 and D strains) with the frequency of the gene in faecal isolates (A and B1 strains)? The results of the present study also indicate that such comparisons should not only account for a strain's ECOR group membership, but also should adjust for the age and sex structure of the host population from which the isolates are obtained.
E. coli causes a significant fraction of urinary tract infections in humans, and strains responsible for an infection are thought to originate from the intestinal E. coli community of the infected host. Two hypotheses have been suggested to explain why urinary tract infections are caused by strains residing in the intestine (Mobley & Warren, 1996) . The first hypothesis predicts it is the numerically dominant faecal strain that is most likely to invade the urinary tract. The second hypothesis predicts it is the subset of the E. coli community in a host that possesses a particular suite of virulence factors that will infect the host. It has been suggested that if an E. coli strain possesses two or more of the traits papAH, afa/draBC, sfa/focDE, kpsMT.II or iutA it is capable of causing a urinary tract infection (Johnson et al., 2003) . Excepting afa/draBC, all of these traits are most prevalent among group B2 strains (Table 1) . Of the 266 strains examined, 44 % encoded two or more of these five virulence factors: 19 % of group A, 0 % of B1, 73 % of B2 and 31 % of D strains. If it were the numerically dominant strain that is most likely to cause urinary tract infections, then the expectation would be that the incidence of urinary tract infections would vary substantially among people living in different regions (Table 5 ). This assumes that the distribution of these traits is similar across different localities. Conversely, a similar incidence of urinary tract infection among people from different regions could suggest that the suite of traits that enables an E. coli strain to cause extraintestinal infections needs to be redefined. However, there is little information concerning the incidence of urinary tract infections in different regions.
The results of this study and that by Gordon & Cowling (2003) suggest that the morphological, physiological and dietary differences that occur among different animal species, or among individuals of the same species, but of different sex or age, influence the distribution of E. coli genotypes. Further studies are required to better describe these patterns of variation and to understand the nature of the adaptations that enable strains of E. coli to exploit different intestinal environments.
